failure occurred in significantly more smokers (15 failures in 56 menisci in 52 patients −27 % failure risk) than nonsmokers (4 failures in 56 menisci in 52 patients −7 % failure risk) (p = 0.0076).
Introduction
Meniscus tears are among the most common knee injuries. Affected patients can be of any age and activity level, leading to a diverse patient population and a variety of injury characteristics. The meniscus serves many important roles including mechanical support, proprioception, lubrication, and stability [6] . Thus, meniscal injuries can lead to significant patient morbidity and greatly impact both athletic function and activities of daily living [18] .
Symptomatic meniscus tears are often treated surgically with either meniscus repair or resection of the torn meniscal fragment. The success of meniscus repair largely depends on the vascular supply within the region of the tear, and only the outer 10-25 % of the meniscus is directly vascularized [2] . As a result of this unique blood supply and the challenging intra-articular environment, meniscus tears have a limited ability to heal. A recent systematic review reported an overall meniscus repair failure risk of around 15 %, with different studies reporting failure risk from 0 to 43.5 % [14] .
It is well documented that smoking has an adverse effect on healing and wound repair [20] . In orthopaedics, smoking
Abstract
Purpose The goal of this study is to determine whether patients who smoke cigarettes at the time of surgery are at significantly increased risk of early meniscus repair failure relative to non-smokers. Methods Retrospective chart review identified 64 current smokers within a series of 444 consecutive patients who underwent meniscus repair during a 7 years period. Fiftytwo of these 64 smokers were available for follow-up and were matched by age, sex, and ACL status with non-smokers from the same cohort. Records of these 104 patients with a total of 120 meniscus repairs were reviewed to identify meniscus repair failure (defined as repeat surgery on the index meniscus) during the median 13-month (range: 3-79 months) follow-up period. Results The smoking and non-smoking groups were similar in age, sex, ACL status, BMI, meniscus repair technique, and meniscus involved. Meniscus repair failure occurred in 19 of the 112 menisci in 104 patients, for an overall failure risk of 17 %. Of the 19 failures, 14 occurred in 79 repaired medial menisci (18 % failure risk) and 5 occurred in 33 repaired lateral menisci (15 % failure risk). Meniscus repair has been shown to correlate with poorer outcomes and increased complications in anterior cruciate ligament reconstructions [1, 13] , fractures [22] , spinal fusions [4] , rotator cuff repairs [21] , articular cartilage surgery [9] , and anterior cruciate ligament surgery [11] . In a large study of patients undergoing total knee and total hip replacement within the Veterans Affairs Healthcare System, smoking was associated with significantly higher short-term risk of post-operative pneumonia, surgical site infection, mortality, and stroke [23] .
The known correlation between smoking and impaired or delayed wound healing associated with the challenge of achieving healing of meniscal tears in the intra-articular environment suggests that the detrimental effects of smoking on meniscus repair outcome are significant. No studies currently in the literature have evaluated this question. The purpose of this study was to evaluate the impact of smoking on meniscus repair outcomes. It was hypothesized that patients who smoked cigarettes at the time of surgery would be at significantly increased risk of early meniscus repair failure relative to non-smokers.
Materials and methods
Patients who underwent meniscus repair by either of two sports medicine fellowship trained orthopaedic surgeons at a single centre between 1 January 2006 and 15 December 2012 were retrospectively identified through chart review. Patient demographics and smoking status as well as initial meniscal injury information were gathered and documented. Smoking was defined as current tobacco use at the time of operation, as documented in the pre-operative evaluation or anaesthesia evaluation. The initial chart review identified 444 patients, 64 of whom were current smokers at the time of meniscus repair. Fifty-two of these patients were available for minimum 3-month follow-up. These 52 smokers were matched to 52 non-smokers from the same cohort based on age within 5 years, sex, and ACL status without knowledge of outcomes. A subsequent chart review was performed of these 104 patients to determine whether meniscus repair failure (defined as subsequent surgery in the index meniscus) occurred during the follow-up period. The follow-up period was defined by the time from repair to repeat surgery if failure occurred and from repair to final clinical follow-up in cases without failure. The median follow-up time was 13 months. Approval for this study was granted by the biomedical institutional review board of the Ohio State University (Study ID: 2013H0066).
Statistical analysis
Demographic characteristics of the smoking and nonsmoking groups were compared. Continuous normally distributed variables were compared using paired t tests, continuous non-normally distributed variables were compared using the Wilcoxon signed-rank test, and categorical variables were compared using conditional logistic regression. The influence of smoking on the risk of meniscus repair failure was calculated using McNemar's test. Statistical significance was defined as p < 0.05. A power analysis determined that 112 menisci provided sufficient power to detect at 15 % difference in failure risk between the smoking and non-smoking groups.
Results
The 104 patients included in the study included 52 smokers and 52 matched non-smokers. The mean patient age was 28. Table 1) .
Meniscus repair failure, as defined by the patient undergoing repeat surgery on the same meniscus during the median 13-month follow-up period (range: 3-79 months), occurred in 19 of the 112 menisci in 104 patients, for an overall meniscal repair failure risk of 17 %. Of the 19 failures, 14 occurred in 79 repaired medial menisci (18 % failure risk) and five occurred in 33 repaired lateral menisci (15 % failure risk). Meniscus repair failure occurred in significantly more smokers (15 failures in 56 menisci in 52 patients −27 % failure risk) than non-smokers (4 failures in 56 menisci in 52 patients −7 % failure risk) (p = 0.0076). The risk of meniscus repair failure was 3.8 times higher for smokers compared to non-smokers.
Discussion
The most significant finding of this study is that smoking is associated with significantly increased risk of early meniscus repair failure. This result is consistent with previous studies across multiple specialties reporting poorer post-operative outcomes associated with smoking [9, 10, 20, 24] .
The increased failure risk of meniscus repair in smokers may be related to the well-known detrimental effects of smoking on tissue perfusion. There are many components of cigarette smoke that affect vascular endothelial cells causing vasoconstriction and platelet aggregation resulting in the impaired movement of blood through small vessels [24] . Nicotine, one of the main components of cigarette smoke, has been found to impair healing in many types of wounds including peptic ulcers, periodontal wounds, burns, and surgical incisions, many times by decreasing collagen deposition at the wound site [8, 17] . One study found that the inflammatory cellular response that is critical to proper wound healing was delayed in smokers compared with those who had never smoked [25] .
Surgeons may consider counselling patients to stop smoking prior to and after meniscus repair. The current study only includes current smokers and non-smokers and thus does not provide insight into the effects of smoking cessation. However, multiple studies have been conducted to determine the appropriate minimum period of smoking cessation prior to surgery to reduce risk of post-operative complications. A study by Moller et al. [19] evaluated the effect of a randomized smoking intervention programme to decrease smoking by at least 50 % for 6-8 weeks preoperatively on the outcome of hip and knee arthroplasty. They reported an overall complication risk in the intervention group of 18 % in the intervention group versus 52 % in the control group, with the greatest effect seen in wound complications, cardiovascular complications, and secondary surgery [19] . Other studies have evaluated surgical outcomes of patients who underwent shorter smoking interventions and found that cessation of smoking for as little as 1 to 4 weeks pre-operatively can improve outcomes [3, 12] .
There are several limitations to the current study. First, the overall follow-up (median 13 months) is short. While more failures of the meniscal repair in both groups can be expected with longer follow-up [26] , the strikingly high meniscus repair failure risk of smokers relative to non-smokers in the early post-operative period is critical information for both surgeons and patients to known and discuss pre-operatively. Further study with longer followup will be important to understand longer-term effects of smoking on meniscus repair. In addition, the retrospective nature of the study design precludes accurate assessment of the amount of smoking done by each patient. As the amount of smoking has been shown to affect results of other procedures [19] , such information may be useful for predicting outcomes of meniscus repair as well. It should be noted that smoking status may not be the only difference between the patient groups in this study. Although age, sex, and BMI were similar between the two groups, smoking has been associated with other mental and physical health factors that may lead to poorer health outcomes [5, 7, 15] . Further, the study includes only repeat meniscal surgery as an outcome measure. There may be additional meniscus repair failures in whom additional surgery was not performed. Patient-reported outcome data could give insight into the status of these patients but are not available. Lastly, data regarding tear orientation, type, and length were not consistently available and thus not included in the analysis. While meniscal repair criteria were generally the same for smokers and non-smokers, the decision to repair the meniscus was based on the surgeons' judgment. Thus, it is possible that surgeons were less aggressive repairing tears in smokers due to bias that they may fail more, potentially leading to differences in tear types between the groups. If this were the case, the influence of this difference would be to increase the failure risk in the non-smokers relative to the smokers. Given the results of the study, this potential difference in the patient cohorts likely had minimal impact on the study findings.
The findings of this study, in association with previously published work demonstrating the detrimental effects of 
Conclusions
Smoking is associated with significantly increased risk of early meniscus repair failure as defined by the incidence of repeat surgery on the index meniscus.
